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(54) Acceleration sensor 

(57) Anacceleration sensor 10 includes a vibrator 12 
which vibrates in a longitudinal direction. The vibrator 12 
includes, far example, a rectangular vibrating body 14. 
on both main Burfacas of the vtorating body .14. piezoe- 
l ectric elements 1 6a-16d are formed. A vicinity of a nodal 
portion on one end side in the longitudinal direction of 
the vibraiar 12 is supported by supporting members 24. 
In a vicinity of a nodal portion cn the other end side in 
the longitudinal direction of the vibrator 12, fixing mem- 
bers 26 are farmed, and weights 23 are fixed to the fixing 
memoirs 26. 
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BACKGROUND OF THE INVENTION 

Field cl the invention 

The present invention relates to an acceleration sen- 
sor, and particularly, to an acceleration sensor having a 
cantilever structure which vibrates in a longitudinal di/ec- 
ton. 

Description of the Prior Art 

Bg. 23 is a perspective view showing an example of 
*■ conventional acceleration sensor which is a back* 
ground of the present inventtoa The acceleration sensor 
1 includes a v Orator 2 which vibrates in a longHudnal 
direction. The vibraior 2 is farmed to bend when receiv- 
ing acceleration In a direction orthogonal to its main sur- 
face, the vibrator 2 includes, lor example, a rectangular 
vibrating body 3. On both main surfaces of the vibrating 
body 3. two piezoelectric elements 4a and 4o are formed 
oppositely. The piezoelectric elements 4a and 4b 
respectively include piezoelectric layers, on both main 
Surfaces of the piezqelectrie layers, electrodes are 
formed respectively. Sach electrode on each one main 
surface of the piezoelectric layers is bonded to each main 
surface o! the vibrating body 3. The piezoelectric layers 
of the piezoelectric elements 4a and 4b are polarized, In 
a thickness direction, from the outside toward the side of 
the virating body 3. respectively, 

On one end side In the longitudinal direction of the 
vibrator 2. two supporting members S are formed. In this 
case, the two supporting members 5 ara extended later- 
ally from a vicinity of one end portion of the vibrating body 
3. and are formed integrally with the vibrating body 3. 
The supporting members 5 are for supporting one end 
side of the vibrator 2 in a Cantilever fashion. 

in the acceleration sensor 1 shown in Fig. 23, one 
end side of the vibrator 2 Is supported by fixing the sup- 
porting members S, When driving signals of the same 
phase are appBed to the two piezoelectric elements *a 
and 4b of the acceleration sensor the vibrator 2 
vibrates in the longitudinal direction, tn this case, the 
center portion between the piezoelectric elements 4a 
and 4b serves as a nodal portion qt the vibrator 2 vibrat- 
ing in the longjtudrn si direction. 

When acceleration is applied in the direction orthog- 
onal to the main surface of <he vibraw 2. the vibrating 
tody 3 bends together with the piezoelectric elements 
4a and 4b responsive to the acceleration, and voltages 
produced in trie piezoelectric elements 4a and 4b are 
changed by impedance change of the olezoelectric ele- 
ments *a and 4b responsive to the flexure. Thus, by 
measuring the voltage change caused by the impedance 
change of either of the piezoelectric elements^ and 4b, 
• the acceleration can be detected 

Fig. 24 is a perspective view showing another exam- 
pie o? Ihe conventional acceleration tensor, and Fig. 25 
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is a side view thereof. The acceleration sensor 1 includes 
a vibrator 2 which vibrates in a longriudinaJ cfir action. The 
vibrator 2 includes, tor example, a rectangular vibrating 
body 3. On both main surfaces ot one end side portion 
s from the center in fr;e longitudinal direction of the vibrat- 
ing body 3. two piezoelectric elements 4a and 4b are 
formed oppositely Similarly, on both main surfaces of the 
.other end side portion from the center in the longitudinal 
direction of the vibrating tody 3, two piezoelectric ele- 
jo m en ts 4c and 4d are tor med oppositely. The piezoelectric 
elements 4a-4d respectively include p'ezoeiectric layers, 
on both main surfaces of the piezoelectric layers, elec- 
trodes are termed respectively. Each electrode on each 
one main surface of th e piezoel ectric layers is bonded to 
i5 each main surface of the vibrating body 3. The piezoe- 
lectric layers of the piezoelectric el ements 4a and 4b are 
polarized, In a thickness direction, from the outside 
toward the side of the vibrating body 3, respectively. 
Reversely, the piezoelectric layers of the piezoelectric 
zo elements 4c and 4d are polarized, in a thickness direc- 
tion, from the side ot Ihe vibrating body 3 toward the out- 
side, respectively. 

On one end side in. the longitudinal direction of the 
vibrator 2. two supporting members 5 are formed. In this 
25 case, the two supporting members 5 are extended later- 
ally from a nodal portion and an end portion on one end 
side in the longitudinal direction of the vibrating body 3. 
and are formed integrally with foe vibrating body 3. The 
supporting members.5 are tor firmly supporting a vfc*nty 
30 of the nodal portion on one end side of the vibration 2. 
On the other end side In the longitualnaJ direction of 
the vibrator 2, a i odng member 7 is formed via thin con- 
necting members 6. in this case, the connecting mem- 
bers S and the fixing member 7 are extended from an 
•35 end portion of the other end side in the longitudinal direc- 
tion of the vibrating body 3, and are formed integraify with 
th e vforating body 3. On both main surfaces of the fixing 
member 7, weights 8 are fixed by bonding, welding or 
soldering. The weights 6 are lor increasing *ie flexure of 
*o the vibrator 2 caused by acceleration. 

In the acceleration aenscr \ shown in Fig. 24 and 
Fig. 25, when the vicinity of the nodal portion on one end 
side of the vibrator 2 is firmly supported by fixing the sup- 
porting members S. and driving signals of the same * - 
<« phase are appfied to the four piezoelectric elements 4a- 
4d. the vibrator 2 vibrates in the longitudinal direction. In 
this case. Since the piezoeiectrio element 4a. 4b end 
the piezoelectric elements 4c, 4d are polarized in the 
opposite directions, they are reverse. y displaced one 
SO another. Thus, when one end side portion from the 
center in the longitudinal direction ot the vibrating body 
3 extends, the other end side portion from the center in 
the longitudinal direction of the vbrating body 3 con- 
tracts. Reversely, when one end side portion from the 
ss center in the longitudinal direction of the vibmting body 
3 contracts, the ether end side portion from the cents.' in 
the longitudinal direction of th e vibrating body 3 extends, 
in this case, since an expansion amount of ona end side 
portion from the center in the longitudinal direction of the 
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vfcraling body 3 and an expansion amount of the other 
end side portion from the center in the longitudinal ejec- 
tion of tfi a vacating body 3 are canceled one another. 4ie 
distance between opposite ends in th a longitudinal direc- 
tion of the vforating body 3 hardy changes. Furthermore 5 
In this ca&e, the vibralng body 3 vibrates about (he 
center portion between the piezoelectric elements 4a 
and 4b and the center portion between the piezoelectric 
elements 4c and 4d as nodal portions, The vibrating 
body 3 vbratas about apposite end portions in its longi- w 
tudmal direction as antinodal portions. 

When acceleration is applied to the vibrating body 3' 
of the vibrator 2 in the dr action orthogonal to its main 
surface, the vibrato ng body 3 bends together with the pie- 
zoelectric elements 4a-4d responsive to the accelera- a 
tion. and voltages produced In the piezoelectric elements 
4a-4d are changed by impedance change of the piezo- 
electric dements 4a-4d responsive to the flexure. Thus, 
by measuring the \<oltage change caused by the imped- 
ance change of either of the piezoelectric elements 4a- ?o 
4d, tha acceleration can be detected. 

However, in a so-called bimorph structure in which 
the piezoelectric elements 4a and 4b are formed on both 
surfaces of the vibrating body 3. since the vibrating body 
3ar^thepiera^ectr[celements4asnd4bareinatrtre8- 25 
layer structure, it hardly bends, results in a small output 
sensitivity of the acceleration sensor. 

In the acceleration sensor 1 shown in Fig. 24 and 
Fig. 25, for the purpose ol minimizing the effect of the 
weights 8 on vbratlcn of the vibrator 2. me conn acting 39 
members 6 between the vibrators and fre weights a are 
farmed thinner so that Ihe vibration of the vibrator 2 is 
absorbed by the connecting members 6 and is hardly 
transmitted to the.weights 8. 

However, when che connecting members 5 are 1? 
formed thinner as such, strength of the vibrator Z for sup- 
porting the weights 5 isdeteriorated, thus when acceler- 
ation is applied to the acceleration sensor 1. 
displacement ol the weights 8 caused by the accelera- 
tion is hardly transmitted to the vibrator 2. results in a <o 
poor acceleration detecting sensitivity. 

Furthermore, in the acceleration sensor 1 shown in 
Fig. 24 and Fig. 25. since the vibrator 2 has a cantilever 
structure, the vibrator Z has a resonance frequency of 
bending vibrabon and resonates at the resonance Ire- 4$ 
quency. Thus, ;ha piezoelectric elements 4a-4d produce 
impedance change and voltage change responsive to 
the resonance, the voltage change influences negatively 
on the acceleration detecting sensitivity 

Conventionally, lor preventing such resonance, so 
though there is a method of sealing the vfcrator by sili- 
cone oil and the like, it is very troublesome 

SUMMARY OF THE INVENTION 

£5 

Therefore, it is 3 primary object of Represent inven- 
tion to provide an acceleration sensor having a good 
acceleration detecting sensitivity. 



An acceleration sensor according to the present • 
invention is an acceleration sensor comprising a pi sta- 
sh aped vibrating bocy, pjezoeiectic dements oppositely 
. formed on both surf aces of the vibrating body, and a slip- 
pering means tor supccrting a vicinity ol one end porticn 
of the vibrating body, wherein a hole is formed in the 
vicinity of one end portion of the vibrating body sup- 
ported by the supporting meana A plurality of the holes 
may be formed in the vidnity of one end portion of the 
vibrating body, ft is prater able that fie hole is formed at 
a nodal portion of the vibrating body. 

it is preferable that a plurality of sets of the piezoe- 
lectric elements are oppositaly formed on both surfaces 
of the vibrating body, and me vibrating body vferates in 
Its longitudinal direction so that both sides of the center 
in its longitudinal direction are extended and contracted 
reversely. 

Since the bote is for mad in the vicinity of one end 
portion of the* vibrating body, tha vibrating body is facili- 
tated to bend by acceleration, results in a good acceler- 
ation detecting sensitivity. 

According to the present invention, since the vibrat- 
ing body is facilitated to bend by the hole formed in' the 
vicinity one endportfonot the vftsraring body; the accel- 
eration s ensor having a good acceleration d stecting sen- 
sitivity can be obtained. ' 

ByformingapJurality QTsetsc^theplsxodBctrlc ele- . * 
merits oppositely on both surfaces of the vibrating body, 
and by vibrating the vtorating body In its. longitudinal 
direction so that both sides of the center in Its longitudinal 
direction are extended and contracted reversely, the totel 
length of the vibrating body hardly changes and vfcmtion 
leakage is suppressed, thus the acceleration sensor 
having a better acceleration detecting sensitivity can be 
obtained. 

It is another object of the present invention to provide 
an acceleration sensor, wherein vibration of the vibrator 
is hardly hincered by the weight and the stfength of the 
vibrator for supporting the w eight is strong. 

The present invention is directed ?c an acceleration 
sensor having a cantilever structure and comprising, a • 
vibrator vacating in a longitudinal direction and having 
two or more nodal portions, wherein a weight is fixed in 
a vidnity of one of the nodal portion 5 of the vibrator. 

Meanwhile, the vibrator Of Ihe acceleration sensor 
according to the present invention comprises, (or exam- 
ple, a plate-shaped vibrating body, and piezoelectric ele- 
ments formed on both main surfaces of the vibrating 
body. The acceleration sensor according to the present 
invention further comprises, for example, a supporting 
member for supporting the vibrator formed in a vicinity 
of another of the nodal portions of the vibrator. * : 

Since the weight is fixed in the vicinity of the one of 
the nodal portions of the vibrator, even when the Strength 
of the vibrator for supporting the weight is strengthened, 
vibration of the vibrator is hardly transmitted to the 
weight, thus It is hardly hindered by the weight 

According to the present invention, the acceleration 
sensor, wherein the vibration ol the vibrator is hardly hin- 
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flered by the weight and the strength of tha vfcrator for 
supporting the weigtit is strong, can be obtained. Thus, 
in the acceleration sensor according to tha present 
invention, the displacement oJ the weight caused -by 
accsleratian can be easily transmitted to the vibrator. 
Improving the acceieraticn detecting sensitivity. 

tt is a still anorher object of the present invention to 
provide an acceleration sensor having a good accelera- 
tion detecting sensHMtv. 

The present invention is directed to an acceleration 
sensor having a cantilever structure and comprising, a 
plate-shaped vibrating body vibrating in a. longitudinal 
direction and having two nodal portions, wherein a hole 
is formed at the nodal portion on the supporting side ol 
the vibrating body. 

Meanwhile, in the acceleration sensor according to 
the present invention, for example, the vibrating body Is 
supporting In a vicinity of one of the nodal portions, and 
a weight is fixed in a vicinity of the other of the nodal 
portions of the vibrating body. 

Since the hole is formed at the nodal portion on the 
supportingside of the vtorating bcdy. the flexure ^vibrat- 
ing body caused by acceleration becomes larger, thus 
the acceleration detecting sensitivity is improved. 

According to the present Invention, the acceleration 
sensor having a good acceleration detecting. sensitivity 
can be obtained. 

ft « a further object of the present Invention to pro- 
vide an acceleration sensor capable of restricting reso- 
nance of the vibrator by a simple structure. 

The present invention is directed to an acceleration 
sensor having a cantilever structure and comprising, a 
vibrator vibrating in a tongjtudiaat direction and having 
two nodal portions, and further comprising, a supporting 
member for firmly supporting the vibrator in a vicinity of 
one of lie nodal portions, and an elastic member for 
elasticaffy supporting the vibrator in a vicinity of the other 
of the nodal portions. 

MeArtwhHe. in the acceleration sensor according to 
the present Invention, a weight may be fixed in the vicinity 
ol the other of the ncda) portions of the vibrator. As the 
elastic member used in the acceleration sensor accord- 
ing to the present invention, an elastic material such as 
rubber or a spring such as a coil spring and a plate spring 
is used. 

The vibrator is firmly supported by the supporting 
member in the vicinity of the one of the nodaJ portions, 
and is elastically supported by the elastic member In the 
vicinity of the other of the nodal portions. Thus, reso- 
nance of the vfyator is restricted by the elastic member. 

According to the present invention, tha acceleration 
sensor capable of restricting the resonance ol the vibra- 
tor by a simple structure can be obtained. Thus, in the 
acceleration sensor according » the present invention, 
the acceleration detecting sensitivity is improved. 

The above and o*her oojects. features, aspects and 
advantages of the present invention will become more 
apparent from the following detailed description of the 



embodiments with reference to the accompanying draw- 
ings. 

3RISF DESCRIPTION OF THE DRAWINGS 

5 

ftg. 1 is an exploded perspective view shewing a first 
embedment of the present invention. 

Fig. 2 is a side view of the first embodiment. 
Fig. 3 is an Dlustrative view showing an essential por- 
10 tion of a vibrating body of the first ernbodiment 

Fig, 4 is an exploded perspective view showing a 
second embodiment of the present invention. 

Fig. 5 is a side view of the second embodiment 
fig, 6. Rg. 7 and Rg. 8 are iOustrativeviews showing 
is - essential portions ol modifications of the vibrating body. 
Fig. 9 is a perspective view showing a third embod- 
iment of She present Invention. 

Fig. 10 is a side view of the third embodiment 
Fig. 11 is a perspective view showing a fourth 
so ernbodiment of the present invention. 

Rg. 12 is an exploded perspective view shewing a 
fifth embodiment of the present invention. 

Fig. 13 is an exploded perspective view showing a 
sixth embodiment of the present Invention. 
25 Rg, 14 is a perspectrve view showing a seventh 
embodiment of the present invention. 

Fig. 15 is a front v?ew of the seventh embodiment. 
Rg. 1 6 Is a side view of the seventh embodiment 
Fig. 1 7 is a perspective view showing an eighth 
30 embod Ims nt of the presant invention . 

Fig. 1 8 is a front view of the eighth embodiment. 
Fig. 1 Sis a parsaective view showing a itinth embod- 
iment of the present invention. 

rig. 20 Is a front view of the ninth embodiment 
ss Fig. 2 1 is a perspective view showing a tenth embod- 
iment of the present invention. 

Fig. 22 is a side view of the tenth embodiment 
Rg. 23 is a perspective view showing an example of 
a conventional acceleration sen&cr which is a back- 
AO ground of the present invention. 

fig. 24 is a perspective view showing another exam- 
ple of the conventional acceleration sensor. 

Fig. 25 is a side view of the acceleration sensor 
■ shown in Fig. 24. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Fig. 1 1s an exploded perspective vie>* showing 3 first 
so embodfmeni ol the present invention. Ftg. 2 Is a side view 
of the first embod mem and Fig. 3 is an iHustrative view 
showing an essential portion of a vibrating body of the 
. first ernbodiment. The acceleration sensor 1 0 includes a 
vibrator 12 which vibrates In a longitudinal direction. 
55 Tfce vibrator 12 includes, for example, a rectangular 
vibralng body 1*. The vibralng body 14 is formed with 
a constant elastic metal material such as nickel, iron, 
chromium, titanium, or their altay such as elinvar, tron- 
nicKei- alloy and the fck&. Meanwhie, me vibrating body 



2002E 3^I6E:«I1:3S^I; 5C>3WS4EOiS15S23 ? 24 

EP 0 707 212 A2 8 



1 4 may be tormed with a material which generally gen- 
erates a mechanical vfcration such es quartz, glass, 
crystal, ceramic besides metal. 

On bath main surfaces 0' the vfcrating body 1 4 two 
piezoelectric elements 16a and 16b are formed oppo- 
sitely. One piezogecuic elamem 1 6a includes a piezoe- 
lectric layer 13a consisting of. tor example, ceramic; and 
on both main surfaces ot the piezoelectric layer 18a. 
electrodes 20a and 22a are to/med respectively. The 
electrode 20a is bended to one main surface of the 
vbrating body 1 4 by means ol an adhesive. Similarly, the 
Other piezoelectric element. 1 6b includes a piezoelectric 
layer 18b consisting oi, for example, ceramic, and on 
both main surfaces of the piezoelectric layer 18b, elec- 
trodes 20b and 22b are tormed respectively. The elec- 
trode 20b is bonded to the other main surface of the 
vibrating body 1 4 by means of an adhesive The piezo- 
electric layers 1 da ana i eb of the piezoelectric elements 
16a and 1 6b are polarized, in a thickness direction, from 
the electrodes 22a and 22b coward ihe electrodes 20 a 
vid 20b. or from the outside toward the side of the vibrat- 
ing body 14. 

The vibrator 12 vibrates in the longitudinal direction 
when drivrig signals of the same phase are applied to 
ihe piezoelectric elements 1 6a and 1 Sb. In this case, the 
vibrator 1 2 vibrates about the center portion between the 
piezoelectric elements 16a and 16b as a nodal portion. 
The vibrator 12 vibrates about opposite end portions In 
the longitudinal direction as anti-nodal portions. 

To an approximate center portion on the supporting- 
side of the vibrating body 14, tor example, a circular hole 
14a is farmed- The hole 14a is formed by etching or 
pressing the vibrating body 1*. A diameter ol the hole 
14a Is about one haH of the width ol the vibrating body 
14 in the first embodiment The hole 14a is designed to 
facilitate the vibrating body 1 * to bend by acceleration. 

On one end side in the longitudinal direction of the 
vibrate *2. two supporting members 24 are formed. 
£ach supporting member 24 has a flat C -shaped struc- 
ture. Each one end portion of the C -shaped supporting 
members 24 is connected to one end portion in (he lon- 
gitudinal <£rection of the vibrating body 14, and each the 
other end portion of the C-shaped supporting members 
24 is connected to a portion spaced a preserved dis- 
tance from one end portion in the longitudinal direction 
of the vibrating body 14. Thus, ihe other end portions of 
the two supporting members 24 are connect ad to both 
$ld*$ of the hole 14a. The two supporting members 24 
are extended laterally outward from the vibrating body 
14. and arc tormed integrally with the vibrating body 1 4. 

In the acceleration sensor 10. when one and side of 
the vibrator 12 is supported by fixed the two supporting 
members 24, and driving signals of the sama phase are 
applied to the two piezoelectric elements 16a and 16b, 
the vibrator 12 vibrates in the longitudinal direction as 
shown by arrows with sold lines and arrows with one- 
dot-chain lines in Fig. 2. 

When acceleration is applied to the vibrating body 
1 4 of th a vibrator 1 2 in the direction orthogonal to its main 



surface, the vtoratlng body 14 bends together with the 
piezoelectric elements 16a and isb responsive to the * 
acceleration, and voitages produced in the piezoelectric 
elements 16a and 16b are changed by impedance , 

s change of the piezoelectric elements 16a' and 16b 
responsive 1o the flexure. Thus, by measui uig the voltage 
change caused by the impedance change of either of the 
piezoelectric elements 1 6a and 16b. the acceleration can 
be detected. Meanvtftile. it s also pcssfcle tu detect the 

ic acceleration by detecting the difference of the voftage 
change produced In the piezoelectric elements 16a and 
16b. 

In the acceleration sensor 10. the hole 14a is formed 
at the approximate center portion spaced the prescribed 
is distance tram one end portion In the tongitudinaJ direc- 
tion of tits vfcrating body 14 and supported by the sup- 
porting member* 24. The portion, where the hole 14a is 
formed, serves as a nodal portion of the flexure in the 
direction orthogonal to the main surface of the vibrating 
20 body 14. By forming the hale 14a at this portion, the 
vibrating body 14 is faefftatad to bend by acceleration. 
Thus, the acceleration sensor 10 has a good accelera- 
tion delecting sensitivity. 

Pig. 4 is an exploded perspective view showing a 
2S second embodiment of the present invention, and Fig. 5 
is a side view of the second embodiment The accelera- 
tion sensor 10 of the second embodiment- includes a 
vibrator 12 which vibrates h a longitudinal direction. The 
.vfcrator 12 of the second embodiment includes, for 
so example, a rectangular vibrating body 1 4 as same as the 
first arnbodiment shown in Fig. 1 through fig. 3. 

On both main surfaces of one end side portion from 
the center in the longitudinal direction of the vibrating 
body 14, two piezoelectric elements 16a and 16b are 
w • formed opposttefy. One piezoelectric element 16a ' 
includes a pi ero electric layer 1 8a consisting of, for exam- 
ple, ceramic, and on both main surfaces of the piezoe- 
lectric layer 18a, electrodes 20a and 22a are formed 
respectively. The electrode 20a ia bonded to one main 
« surface of the vibrating body 14 by means of an adhe- 
sive. Similarly, the other piezoelectric element '6b 
includes a piezoelectric layer i Bb consisting of. for exam- 
ple, ceramic, and on both main surfaces of the piezoe- 
lectric layer ieb. electrodes 20b and 22b are formed 
*? respectively. The electrode 2Cb is bonded to !he other 
mam surface of the vibrating body 14 by means of an 
adhesive. The piezoelectric layers 18a and 18b of the 
piezoelectric elements 16a and 16b are polarized, in a 
thickness direction, from the electrodes 22a and 22b 
50 toward the electrodes 20a and 20b. cr from the outside 
toward the side of the vibrating body 14. 

Funhermore, on both main surfaces ol th e other end 
side portion from the center in the longitudinal direction 
of the vibrating body 14. two piezoelectric elements 16c 
5; and i6d are tormed oppositely. One piezoelectric de- 
ment 16c includes a piezoelectric layer 18c consisting 
or, tor example, ceramic,' and on both main surfaces of 
' the piezoelectric layer 18c elecrodes 20c and 22c are 
formed respectively. The electrode 20c is bonded to one 
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main surface of the vibrating body 14 by means of an 2* are connect ad lo oath sides of the hale ua. The two 

adhesive. Similarly, the o4ier piezoelectric eiemsnt t6d supporting members 24 are extended tataraHy outward 

induri 2s a bioelectric iayai 1 8d consetir.g cf, for exam- fromthevibfa6ngbocy 1 4. and are torrned integrally with 

pi 9. ceramic, and on both main surfaces of the piezoe- the vfcrating body 1 4. 

lectric layer iSd, electrodes 20d and 22d are termed 5 ^ th a acceleration sensor 10 of the second embod- 

respsctiveJy. The electrode 2Cd is bonded to the other tmerr, when one end side of th 9 vibrator 12 Is supported 

main surface of the v&rating body 14 by means cf an by fixing the two supporting members 24, and drivwg sie,- 

adhesrve. The piezoeJectric layers 18c and I8d of the naJs of the same phase are applied to the tour piezoe- 

piezodectric eJementa he and iGd are polarized. In a lectrlc elements 1 6a- I6d, the vibrator 12 vtorates in the 

thickness direction, from the .electrodes 20c and 20d w iongihjcir.aJ direction as shown by the arrows with the 

toward the electrodes 22c and 22d or from me sida of sdid tines and the a/rows with the one-dot-chain fines in 

the vibrating body 14 toward th^ouraae. pig.5. 

The vibrator 1 2 vibrates in me longitudinal direction In this case, since the tctal length of the vibrator 1 2 

when driving signal* of the same phase are applied to is hardly changed, the vkration leakage is little and a 

the piezoelectric elements 1 5a-16d in this case, since *s detecting efficiency is very high, 

nepiezoefactric elements 16a 1 6b and tha piezoelectric When acceleration is applied In the direction orthog- 

elaments 16c, 1 6d are polarized in the opposite direo oral to (he main surfaca of the vibrating body 1 4 of the 

lion*, they are reversely displaced one another. Thus; as vibrator 1 2, the vibrating body 1 4 bends tog ether wttfi the 

shown by arrows wtlh solid lines in Fig. 5, when one end piezoelectric elements I6a-I5d responsive to the accei- 

3>de portion frnrn tha center in the longitudinal direction so e/ation. and voitages produced In the piezo electric ele- 

ol the vibrating body 14 esdsnds, the other end side per- men ta iea-'6d ere changed by impedance Change Of 

tion from the center in the longitudinal direction of the the piezoelectnc elements 1Sa-16d responsive to the 

vibradng body 14 contracts. Reversely, as shown by flexure. Thus, by measuring the voltage change caused 

arrows, with one-dot-chain lines in Fig. 5, when one end by the impedance change of either o1 the piezoelectric 

sld e portion from ihe center in the longitudinal direction n elements 16a- 1Sd, the acceleration can be detected, 

of the vibrating body 1 4 contracts, the other end side por- In th e aeceterati on sensor 1 0 of the second emtood- 

tion from the center in &ie longitudinal direction of the imeni since the hole 14a is formed at Ihe nodal portion 

vibrating body 14 extends. In this case, since an expan- on one end side cf the vibrating body 14. ihe flexure of 

sion amount of one end side pon3on from the center In Lie vibrating body caused by the acceleration is 

tha longitudinal direction of tha vibrating body 1 4 and an 00 increased, and a stable vibrating balance in the longrtu- 

«xpansion amount of the other end side portion from the dinal direction ol Ihe vibrating body 14 is rnaintained, 

center in the longitudinal direction of the vtorattag body thus tha vibration in the longitudinal direction cf the 

14 are canceled one another, the distance between vibrating body 14 is stabilized. Thus, the acceleration 

opposite ends in the longitudinal direction of the vbrating sensor 1 0 of the second embodiment also has a good 

body 14 hardly changes. Furthermore, in this case, the 35 acceleration detecting sensitivity, 

vibrating body 14 vibrates about the canter portion A shape of the hole 14a Is not reccricted to a circle, 

between the piezoelectric elements 1 ea and 16b and the as shown in Fig. 6, it may have other shapes such as a 

center portion between the piezoelectric elements 16c square, a rectangle, a triangle and the PKe. 

and IGd as nodal portions. Tha vibrating body 14 also As shown in Fig. 7. two holas 1 4a may be formed in 

vibrates about opposite and portions in its longitudinal 40 series in the longitudinal direction of the vibrating body 

direction as anti -nodal portions, 1 4. Furthermore, as shown In Fig. 6\ three holes 1 4a may 

To the nodal portion on one end side in the tangitu- be formed in series in the longitudinal dr action of the 

dinal drectfcncl the vibrating body 14 of the vibrator 12. vibrating body 14. In these cases, the flexure of tha 

for example, a circular hole 14a is formed. The hole 14a vibrating body 1 4 can be increased more. 

Is formed by etching or pressing the vibrating body 1 4. ts Fig. 9 is a perspective view showing a third embed- 

A diameter of the hole 1 4a is about one half of the width iment 0! the present invention, and Fig. 10 is a side view . 

of the vibrating body 14 in the second embodiment. The of the third embodiment The acceleration 3ensor 10 of 

hole 14a is designed to facilitate the vfcrating body 14 to tha third embodiment includes a vibrator 12 which 

bend by acceleration. vibrates in a longitudinal direction as same as the second 

On one end side in the longitudinal direction of the 50 embodiment shewn in Fig. 4 and Fig. 5. 

vibrator 12, two supporting members 24 are formed. On one end side in the longitudinal direction of the 

Each supporting member 24 has a flat C -shaped stmc- vibrator 12. as same as the second embodiment two 

ture. Each one end portion of the C-shaped supporting supporting members 24 are formed 

members 24 is connected lo one end portion in the Ion- Furthermore on the other end sida in the tongitudi- 

gjiucfinaJ direction of the vibrating body 1 4. and each the £5 nal direction of the vtbraicr 1 2, for example, two protru- 

other end portion of the C-shaped Supporting members son-type fiwng members 26 are formed. In this case, the 

24 is connected to the nodal portion on one end side in feeing m ambers 26 are extend ed laterally from the nodal 

the longitudinal direction ol the vibrating body 1 4. Thus, porion on ihe other end side in the longi;uc3naJ direction 

the othar end portions of the two supporting members of the- vixating body K and are formed integrally with 
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the vibrating bo£y 1 4. On both main surfaces of the (bang 
members 26, weights 28 are fixed by borxfing. vvekfng 
or soldering. The weights 28 are designed to increase 
the flexure of the virating body 14 caused by accelera- 
tion. s 

in the acceleration sensor 10 of the third embodi- 
ment as same as the second embodiment the vibrator 
12 vibrates in the longitudinal direction as shown by 
arrows with safid fines and arrows wltn on 8 -dot -chain 
lines in Fig. 1 G. thereby foe acceleration can be detected. io 

In the accelerator) sensor 10 of the third embodi- 
ment, since the weights 26 ara fixed to the fixing mem' 
bers 23 ffi the vicinity of ffie nodal portion of the vbrator 
12, even when the strength of the vibrator 12 for support- 
ing the weights 28 is strengthened, vbration of the vibra- t$ 
tor 12 fs hardy transmitted to the weights 28. thus it Is 
not hinder ad by the weights 28. Thus, in the acceleration 
sensor 10 of the third embodiment, displacement of the 
weights 28 caused by the acceleration can be easily 
transmftlad to the vibrator 12. improving the acceleration w 
detecting sensitivity. 

Fig. n is a perspective view showing a 'fourth 
embodiment of the present invention. In the acceleration 
sensor 10 cf the fourth embodiment as compared with 
the third embodiment shown in Fig. 9 and Fig. 1 0. each 25 
fixing member 26 is formed into a bar shape and .weights 
23 are fixed around tips ol the fixing members 26. 

In the acceleration sensor 10 of the fourth embodi- 
ment, since the weights 2$ are fixed b the fixing mem- 
bens 26 in the vicinity of foe nodal portion of the vbr^or jo 
12 as same as the third embodiment, even when the 
strength of the vibrator 12 far supporting the weights 28 
is strengthened, vibration of the vibrator 12 is hardly 
transmitted to the weights 28, thus it is not hindered by 
the weights 28. Thus, in the acceleration sensor 10 of J5 
the fourth errsxxfiment, oUplacement of the weights 28 
caused by acceleration can be easily transmitted to the 
■ vibrator 12, improving the acceleration detecting sensi- 
tivity. 

Fig. 12 is an exploded perspective view showing a 40 
fifth embodiment of the present Invention, to the accel- 
eration sensor 10 of the fifth embodiment, as compared 
with the third embodiment shown in Fig. 9 and rig. 10. 
since a circular hole T4a is formed at the nodai portion 
on the supporting side of the vibrating body 14 of the 45 
vbrator 1 2. the flexure of the vthraCng body 1 4 caused 
by acceleration is increased, results in a good accelera- 
tion detecting sensitivity. . 

Meanwhile, in the acceleration sensor 10 ol the fifth 
embodiment, as same as the third embodiment the :o 
vibrator 12 vibrales in the longitudinal direction to detect 
the acceleration. 

Furthermore, in the acceleration sensor 10 of the 
frith embodiment as same as the third embodiment 
since weights 28 are fixed to fixing members 26 in the ss 
vicinity of the nodal portion of the vbrator 12, the flexure 
of the vibrating body 14 caused by accel* ration is large 
and the acceleration detecting sensitivity is Wgh. and ' 
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vibration of the vibrator 12 is hardly transmitted to r>,e 
weights 28. thus it is not hindered by the weights 28. 

Fig. 13 is an exploded perspective view showing a 
shrth embodiment of the present invasion, in the accel- 
eration a snscr iGorrhe sixth embodiment as compared 
wlththefifm embodiment shown In Fig. 12, circular holes 
14a are respectively formed at the two nodal portions of 
the vbraling body 14 of the vibrator 12. The holes 1 4a 
R'e designed to increase the flexure of the vibrating body 
14 caused by acceleration, and to ctabUize vibration of 
the vibrating body 14 in the longitudinal direction. 

tn the acceleration sensor 10 of the sixth embodi- 
ment as same as *e fifth embodiment the vibrator 12 
vibrates in the longitudinal direct on to detect the accef- * 
eration. 

In the acceleration sensor 10 of the sixth embodi- 
ment since the holes 14a are formed at the two nodal 
portions of the vibrating body 1 4, the flexure of the vibrat- 
ing body u caused by the acceleration is increased and 
a stable vibration balance in the longitudinal direction of 
me vibrating body 1 4 is maintained, Ihus the vibration in 
the longitudinal direction cf the vibrating body 1 4 is ste- 
□Sized. Thus, the acceleration sensor 10 Of the sixth 
embodiment has a good acceleration detecting sensitiv- 
ity. 

Furthermore, in the acceleration sensor 10 of the 
sixth embodiment as same as the fifth embodiment, 
since weights 28 ere fixed to fixing m ambers 26 in the 
vicinity of the nodal portion of the vibrator 12. the flexure 
of the vbraiing body 14 caused by the acceleration is 
large and the acceleration detecting sensitivity is high, 
and vibration of the vibrator 12 is hardly transmitted to 
the weights 28, thus it is not hindered by the weights 28. 

In the sixth emboolment shown in Frg. 13. though 
each circular hale 1 4a is formed at each of the two nodal 
portions of the vibrating body 14. a shape of the hole 
formed at the nodal portion is not restricted to a circle, it 
may have other shapes such as a square, and also the 
number of the holes formed at one nodal portion b not 
restricted to one, it may be two or more. 

Fig. 14 is a perspective view showing a seventh 
errbodimerit of the present invention. Fig. 15 is a from 
view of the seventh embodiment and Fig, is is a side 
view of the seventh embodiment In the acceleration sen- 
sor 10 of the seventh embodiment, S3 compared with the 
thirdemb<xiimerrtsnowninRg.9ar<iFig. lO.supporting 
pieces 30 extending downward ara fixed to two fixing 
members 26 integrally therewith. At tower ends Of the 
supporting pieces 30, dampers 32 consisting of. for 
example, rubber blocks as elastic members are fixed 
respectively. The dampBrs 32 are designed to dastically 
support the vibrator 12 In the vicinity of the nodal portion 
on the other end side In the tong/tudinal direction of the 
vibrator 12. 

In the acceleration sensor 1 0 of the seventh embod- 
iment, as same as the third embodiment the vibrator 12 
vibrates in the longitudinal direction as shown by a/rows 
with solid lines and arrows with one-dot-chain tines in 
Fig. 16 to detect the acceleration. 
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In the acceleration sensor 10 ot the seventh embod- 
iment, the vibrator 12 is firmly supported by the support- 
ing members 24 in the vicinity of one nodal portion, and 
is elasticafly supported by the dampers 32 as the elastic 
members in tha vicinity of the other nodal portion. Thus, j 
resonance of the vibrator 12 is restricted by the dampers 
32. Aceercfingly, the accaleration delecting sensitivity is 
improved in the acceleration sensor 10 of the seventh 
embodiment. 

FunhBrmo/a in the acceleration sensor 10 of the w 
seventh embedment as same as the third embocSment 
since weights 28 are fixed to fixing members 25 in the 
vicinity of the nodal portion ol the vibrator 1 2, the llen^e 
of the vibrating body 14 caused by acceleration Is large * • 
and the acceleration detecting sensitivity Is high, and is 
vibration of lie Vibrator 12 Is hardly transmitted to the 
weights 28, thus it is not hindered by the weights 28. 

Fig. 17 is a perspective view showing an eighth 
embodiment of the present invention, and Fig. 18 is a 
front view of fre eighth embodiment. In the eighth & 
embodiment, as compared with the seventh embodiment 
shown in Fig, 14 through Fig. 1 6, in place of the support- 
ing pieces 30 and the dampers 32. at lower portions of 
the two fixing members 29, CG.il springs 34 as elastic 
members are fixed respectively. The coH springs 34 are 2f 
designed to etasticaily Support the vibrator 12 in the 
vicinity of the nodal portion on the other end side In the 
longitudinal direction of the vibrator 12. ■ 

(n the eighth embodiment, as same as the seventh 
ombodirnenL the vibrator 12 Is firmly supported by the jo 
supporting members 24 in the vicinity of .one nodal por- 
tion, and is elasticaily supported by the coil springs 34 • 
as the clastic members in the vicinily of the other nodal 
portioa TTius, resonance of the vibrator 12 is r-stricted 
by the coil springs 34. improving the acceleration detect- 3s 
ing sencitrvity. The Same effect is obtained by using plate 
springs in place of the coil springs 34. 

Fig. 1 9 i$ a perfective view showing a ninth embod- 
iment of tha present invention, and Fig. 20 Is a fram view 
of tha nfnth embodiment In the ninth embodiment par* 47 
ticularly, dampers 36 Consisting of approximately D- 
shaped rubber as elastic mBrnbenjare respectively fixad 
to two fixing members 26 and weights 28. The dampers 
36 are designed to elastically support rfie vibrator 12 in 
the vicinity 0/ the nodal portion on th« other end sida in <s 
the longitudinal direction of the vibrator 1 2. 

Fig. 21 is a perspective viewshowing a tenth embod- 
iment of the presant invention, and Fig. 22 is a side view 
of the tenth embodiment in the tenth embodiment par- 
ticularly, dampers 38 consisting ol large rubber blocks as so 
elastic m ernb ers are respectiv sly fixed to two fixing mem- 
bers 26 and weights 28. The dampers 38 are also 
designed to elasticaily Support the vibrator 12 In the 
vicinity of the nodal portion on the other end side in the 
longitudinal direction or the vibrator 1£ 55 

in the ninth embodiment and the tenth embodiment 
since the vibrator 1 2 is firmly supported by the suppos- 
ing members 24 in the vicinity of one nodal portion, and' 
is eiasScally supported by the dampers 36 or 38 as the 



elastic members in the vicinity of the other nodal portion, 
resonance of the vibrator 12 is restricted by the dampers 
36 or 38. trnr^ovtng the accelerate 

Though the damper consisting -of rubber cr thB 
spring is used as the elastic member in tha seventh to 
tenth embodiments shown In Fig. 14 through Fig. 22. as 

■ the elastic member used in the acceleration sensor 
according to the present invention, the elastic material 
other than n£ber may be used and its shape may be 
changed Optionally. 

In tha third to tenth embodiments shown in Ftg. 9 
through Fig. 22, tnougn the vibrato' has two nodal por- 
tions, the weights are fixed In the vicinity °f one nodal 
portion, and the vicinity of the other nodal portion is sup- 
ported by the support members, to the present invention, 
a vibrator may have threes or more nodal portions, a 
weight may be fixed in a vicinity 01 one nodal portion, and 
in a vicinity of another nodal portion may be supported 
by a supporting member. 

Furthermore, in the second to tenth emboeSrnents 
shown In Fig. 4 through Fig. 22, the acceleration can be 
detected also by detecting the difference of tile vo ft ages 
produced in the piezoelectric elements 18a and 16b, or 
the ditierence of the voltages produced In the piezoelec- 
tric elements 16c and 16d. 

■ • tathesecorKJtotmtoernbcdim^ 

through Fig. 22, the polarizing direction of the piezoelec- 
tric layers of ana or more piezoelectric elements may ba 
reversed, and the phase of driving signals applied to the ■ 
piezoelectric elements whose polarizing direction is 
reversed may be reversed. 

Meanwhile, in the first to tenth embodiments shown 
In Fig. 1 through Fig. 22, the reason tor vtoratfng the 
vibrator at the resonance frequency In the longitudinal 
direction is that ^ne impedance change ol the piezoelec- 
tric dement caused by the flexure can be increased by 
the resonance characteristic lo increase the sensitivity, 
and the rest acceleration or DC component can 'be 
detected. 

it will be apparent from the foregoing that while the 
present invention has been described in detail and Illus- 
trated, these are only particular illustrations and exam- 
ples, and the present invention is not limited to these. 
The spin't and scope of the present invention are limited 
only by the appended claims. 

Claims 

1 . An acceleration sensor comprising: 

a plate-shaped vfcrating body : 

piezoelectric elements oppositely formed on 
both surfaces of said vtorating body: and 

a supporting means tor supporting a vldnity 
of one end portion .of said vibrating body: 

wherein ahoie is formed in the vicinity of one 
end portion of said vibrating body supported try said 
supporting means. 
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2. An acceleration sensor according to claim 1. 
•wherein a plurality of said notes are tormed In the 
vicinity of one end port ten cs said vfcrating body. 

3. An acceleration sensor according to claim 1, 
wherein said hole is formed at a nodal portion of said 
vbrating body. 

4. An acceleration sensor according to daim 2. 
wherein said holes era formed at a nodal ponton of 
said vibrating body. 

5. An acceleration sensor according to claim 1, 
wherein a plurality of sets ol said piezoelectric ele- 
ments are oppositely formed on both surfaces of 
said vibrating body, and 

said vacating body vibrates in hs longitudinal 
direction so that both sides of the center in its tongi* 
tudinai direction are extended and contracted 
reversely. 



11. An acceleration sensor acconfng to daim 9. which* 
further comprises a supporting member for support- 
ing saio vibrator formed in a vicinity of another of said 
nodal portions cl said vibrato/. 

1Z An acceleration sensor according to claim 10. which 
tunher comprises a supporting member for support- 
ing said vibrator formed in a vicinfty of another of said 
nodal portions of said vibrator. 

13, An acceleration sensor having a cantilever structure 
and comprising, a plate-shaped vibrating body 
which vibrates in a longitudinal direction and has two 
nodal portions. 

wherein a hoi a is formed at said nodal par tion 
on the supporting side Of Said vibrating body. 



6. 



An acceleration sensor according to daim 2. 
wherein a plurality ct sets of said piezoelectric ele- 
ments are oppositely formed on both surfaces of 
said vibrating body, and 

' said vibrating body vibrates in its lonojtudinai 
direction so that bath sides of the center in its longi- 
tucSnal direction are extended and contracted 
reversely. 

An acceleration sensor according to claim 3. 
wherein a plurality of sets of said piezoelectric ele- 
ments are oppositely formed on bolh surfaces of 
said vibrating body, and 

said vfcrating body vibrates in its longitudinal 
direction so that both sides of the center in rte longi- 
tudinal direction are extended and contracted 
reverseiy. 

An acceleration sensor according to daim 4, 
wherefn a plurality or sets of said piezoelectric ele- 
ments are oppositely formed on both surfaces of 
said vibrating body, and 

said vfcrating body vibrates In its longitudinal 
direction so that both side* of the center in its tongi- 
- tudinai direction are extended and contracted 
reversely. 

An acceleration sensor having a cantilever structure 
and comprising, a vibrator which vibrates in a longi- 
tudinal direction and lias two or .Tore nodal portions. 

wherein a weight is fixed in a vicinity of one 
of said nodal portions of said vibrator. 



10. An acceleration sensor according to daim 9, 
wherein said vrfarator comprises 

a plate-shaped vibrating body, and 
piezoelectric elements formed on both main 
surfaces ol said vibrating body. 



14. An acceleration sensor according to daim 13, 
whef en said •vibrating body b supporting in a vicinity 

w of one of said nodal portions, and 

a weight Is fixed in a vicinity of the oflier ol 
said nodal portions of said vibrating body. 

15. An acceleration sensor having a cantilever structure 
25 and comprising, a vibrator which vbraJea in a tongi- 

tudinai direction and has two nodal portions, and fur- . 
tner comprising, 

a supporting member for firmly supporting 
said vibrator in a vicinity of one of said nodaJ por- 
30 dons, and 

an elastic member for elasticaJly supporting 
said vibrator in a vidnity of Ihe other of said nodal 
portions, 

>- 1 8. An acceleration sensor according to daim 1 s, which 
furmer comprises a weight lixed in the vicinity of the 
other of said nodal portions of said vibrator. 

17. An acceleration sensor according to daim 15, 
- wherein said elastic member consists of an elastic 

material. 

18. An acceleration sensor according to claim 15, 
wherein said elastic member consists ol an elastic 

*s material. 

19. Art acceleration sensor according to daim 15. 
wherein said elastic member includes a spring, 

so 20. An acceleration sensor according to daim 16, 
wherein said elastic member includes a spring. 
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